MMPs are significant in the physiological processes of embryo development, wound healing and differentiation related to tissue remodeling. However, the overexpression of several MMPs is involved in tumor invasion, metastasis, disregulated angiogenesis, inflammation and even cell destruction [1, [5] [6] [7] [8] [9] .
sponsible for tadpole tail resorption [10] [11] [12] . Since then, the MMP family has grown to include at least 23 members in humans and 24 in mice. Some of them are not yet fully understood [10, 13] . Matrix metalloproteinases are considered members of the multigene metzincin family, which also includes transmembrane and secreted proteins called a disintegrin and metalloproteinases (ADAMs), a disintegrin and metalloproteinase with thrombospondin mofits (ADAMTSs), bone morphogenic protein 1/tolloid-like metalloproteinase (BMPI/ /TLLs) and meprins [14, 15] . The MMP family is divided into two groups based on their cellular localization (secreted or membrane-bound) or into six groups classified according to individual characteristics that are determined by the structure and substrate specificity: collagenases, gelatinases, stromelysins, matrilysins, membrane-type MMPs (MT-MMPs) and others. Collagenases primarily cleave interstitial collagen I, II, and III. Their catalytic domains are also needed for cleaving non-collagen and non-ECM elements. Gelatinases degrade gelatins, fibronectin and lamins. The third group of MMPs, stromelysins, have a similar structure to collagenases, but they do not cleave interstitial collagen. Matrilysins possess no hemopexin domain. MT-MMPs include four transmembrane members (MT1-, MT2-, MT3-, and MT5-MMP) and two glycosylphosphatidylinositol-annchored members (MT4-MMP and MT6-MMP). MT-MMPs are important enzymes involved in pericellular proteolysis and subsequent cell locomotion [3, 11, 13, 16, 17] . The properties of MMPs continue to make them an essential research topic in dermatology and periodontology (Table 1 ).
The Structure of MMPs
Different types of MMPs have a great deal in common (Fig. 1 ). They are characterized by a prodomain, catalytic domain, hemopexin do- Collagenases MMP-1  collagenase-1 collagen: I, II, III, VII, VIII, X, aggrecan, gelatin, MMP-2, -9   zymography assay, immunoassay   MMP-8  collagenase-2 collagen: I, II, III, V, VII, VIII, X,  aggrecan, elastin, fibronectin, gelatin,  laminin immunoassay, fluorimetric assay, activity-based profiling assay MMP-13 collagenase-3 collagen: I, II, III, IV, aggrecan, gelatin fluorimetric assay, activity-based profiling assay, zymography assay, fluorimetric assay, phage-displayed assay, multiple-enzyme/multiple-reagent assay, activity-based profiling assay main and, at the end, a transmembrane domain, glycosylphosphatidylinositol anchor or cytoplasmic tail [5, 18, 19] . The prodomain with the highly conserved sequence PRCXXPD is present in all MMPs. It includes cysteine residue binding the catalytic zinc ion in a catalytic domain, which allows the pro--MMP to be kept in latent form. MMP activation can occur both on the extracellular and intracellular level: When the N-terminal inhibitory prodomain is eliminated, the catalytic position of the emerging enzyme becomes released and exposed. The subsequent domain is the catalytic one, which has the ability to degrade proteins because it contains the well-conserved zinc-binding motif HEXXHXXGXXH. In gelatinases, the catalytic domain contains fibronectin type II, which modulates protein interactions that are essential in substrate recognition. A proline-rich hinge region makes a connection between the catalytic domain and the following hemopexin domain. The hemopexin domain enables additional protein-protein interactions with substrates and with naturally occurring inhibitors. After the hemopexin domain, a transmembrane domain, glycosylphosphatidylinositol anchor or cytoplasmatic tail may be localized [1, 11, 12, 14, 18, [21] [22] .
The Regulation of MMPs
It is well known that enzymes are produced and secreted in an inert, latent form and are then activated in an intercellular or extracellular environment [23] . Most MMPs are synthesized and secreted as inactive proenzymes or zymogens (pro-MMP) that may be secreted or bound to the membrane, which results in their processing an activation, and their substrates may be partially degraded. The regulation of MMP expression must be strictly controlled in the tissues [23] [24] [25] . This takes place on a few levels:
− on the level of altering gene expression in patients with a genetic predispositions [26] ; − on the level of transcription by cytokines (IL-1, TNF), hormones (parathormone, PTH) and bacteria products (LPS); − on the level of enzyme sequestration to intracellular bubbles; − on the level proenzyme activation (metal ions, oxidative stress, detergents, other proteolytic enzymem, plasmin); − on the level of substrate specificity; − through the pH of the environment; − through tissue inhibitors of metalloproteinases (TIMPs) and serine protease inhibitors (serpins) [27] .
The localization, activation and activity of MMPs are controlled by their interactions with other metalloproteinases, proteoglycan core proteins and/or their glycosaminoglycan chains [28] . The expression of MMPs is also influenced by numerous factors, e.g. the transformation of cells, hormones (depending on the cell type), some cytokines (such as IL-1 or IL-6), or growth factors (such as epidermal growth factor [EGF] or transforming growth factor-beta [TGF-β]) [29] .
The precise control of the proteolytic activities of MMPs occurs via activation of their precursors as well as inhibition of endogenous inhibitor proteins, a-macroglobulin (a plasma protein which operates as a general proteinase inhibitor) and tissue inhibitors of metalloproteinases (TIMPs) [24] .
As Brew and Nagase [30] wrote: "The human genome contains four paralogous genes encoding TIMPs 1 to 4". All four proteins in the TIMP family (TIMPs 1 through 4) are characterized by a largely similar structure [31] . It is worth noticing that TIMPs were initially characterized as inhibitors of MMPs, but later research has shown that they have a wider range of activities; it is now known now that they also inhibit some of the disintegrin-metalloproteinases, ADAMs and ADAMTSs [30, 31] . TIMPs bind and inhibit MMP activity at molar stechiometric proportion of 1 : 1. This is accomplished through a special structure comprised of 184 to 194 aminoacids that create an N-domain responsible for the inhibition of MMP catalytic activity, and a C-subdomain that mediates interactions with the hemopexin domain of pro-MMPs [32, 33] . TIMPs do not form covalent bonds with MMPs, nor are they cleaved by these enzymes, but they form tight complexes inhibiting the proteolytic activity of MMPs [33] .
A disruption of the balance between the concentration of active metalloproteinases and their inhibitors may lead to pathological changes associated with uncontrolled ECM turnover, tissue remodeling, inflammatory response, cell growth and migration [3, 9, 30] . Additionally, the impact of TIMPs is fundamental to the homeostasis of the ECM, because of TIMPs' ability to control the interaction of cells via adhesion and signaling molecules such as growth factors. The significance of TIMPs as signaling molecules in their own right is only just beginning to be reported [9, 33] .
Methods
Many studies have focused on the role of MMPs in biological processes and their involvement in diseases; as a consequence, several assay systems have been developed, including 1) bioassay, 2) zymography assay, 3) immunoassay, 4) fluorimetric assay, 5) radioisotopic assay, 6) phage-displayed assay, 7) multiple-enzyme/multiple-reagent assay and 8) activity-based profiling assay.
Examining MMP activity is significant in the diagnosis and therapy of diseases associated with MMPs -i.e., illnesses of the salivary glands and skin [34] .
Salivary Glands
Saliva contains a wide range of substances used in the clinical diagnosis of patients with oral and systemic diseases. Many medical researchers devote a great deal of time to finding a universal diagnostic tool that is easily collected and stored, and that can reveal hidden fatal threats before the disease becomes complicated. That is why saliva is gaining popularity as a source of data. It is regarded as a valuable biomarker providing information about oral and systemic human health [35, 36] .
Saliva is commonly used for the diagnosis of periodontal diseases. The serum and salivary molecules contain immunoglobulins, enzymes, bacteria or bacterial products, volatile compounds and phenotypic markers [35] . The prevalent matrix metalloproteinases (MMP-2, -8, -9 and -13) are produced by polymorphonuclear leukocytes or osteoclasts, and interfere in local bone metabolism as well as being involved in the destruction of connective tissues. Periodontitis patients have significantly higher levels of these enzymes than healthy people. Most extracellular matrix components undergo digestion to lower molecular weight forms. Conventional periodontal treatment successfully reduces the MMP levels and inhibits the progressive breakdown of gingival and periodontal ligament collagens [35, 37, 38] .
Diabetes mellitus (DM), a metabolic disorder, can cause dysfunction of polymorphonuclear leukocytes, changes in vascularity, collagen alternations, synthesis of glycosaminoglycan and disregulation of cytokine production. Equally important is the generation of advanced glycation end products (AGEs) and the production of MMP-8 and -9. All these elements combine to lead to periodontal tissue destruction [39] .
The secretion of saliva is associated with presence of the major and minor salivary glands. Humans (and mice) have three pairs of glands: the parotid glands (which are the largest), the sublingual glands and the submandibular macroscopic glands [40] . Sometimes a systemic autoimmune disease called Sjögren's syndrome (SS) attacks and damages the exocrine glands, which causes a loss of salivary and lachrymal secretion [41] . The etiology remains unknown, but immunological hyperactivity of anti-Ro and anti-La autoantibodies plays a primary role in the pathogenesis of this illness. Additionally, in the inflammatory process, aggregations of lymphocytes are initially periductal, but then become panlobular [41, 42] . Immunoglobulin G (IgG) stimulates the production of IL-1b, PGE2, MMP-3 and MMP-9. MMP-3 (stromelysin-1) is able to degrade proteoglycans, some types of collagen, laminin, fibronectin, gelatin and elastin. It also activates other members of the MMP family, such as MMP-1 and MMP-9, increasing the destructive effect on ECM components [41] [42] [43] . The implication of metalloproteinases, including MMP-2 and -9, has been proved in the nonobese diabetic (NOD) mouse model of Sjögren's syndrome that is frequently used as a spontaneous animal model of this disorder [44] .
Cancers comprise another large group of disorders related to the salivary glands. Approximately 70-80% of them appear in the parotid glands. Among salivary gland neoplasms, 31 types of malignant salivary gland tumors have been distinguished, including synchronous neoplasms and metachronous neoplasms [45] , salivary adenoid and cystic carcinomas, as well as benign neoplasms like salivary duct tumors [32] .
MMPs in Caries
To provide a better understanding of the role of MMP activity in the oral environment, it is important to mention the formation of human dentinal caries lesions. Sorsa et al. demonstrated the contribution of both pro-and active forms of MMP-8, -2 and -9 [47] . After the demineralization of dentin by bacterial acids, enzymes contained in plaque and saliva and produced by odontoblasts break down the dentine matrix, consisting of collagen type I and small amounts of collagen type V. Non-collagenous proteins, including dentine matrix protein I, osteopontin and dentine sialoprotein, have also been suggested as activators of MMP pro-forms taking part in dentin matrix degradation [47, 48] .
The Future of Research into MMPs and Their Inhibitors
The story of the MMP family in oral disorders is far from complete. Knowing basic MMP functions in the pathology of diseases, researchers are focusing on the post-translational regulation of MMP activity in order to identify the macromole cular interactions of enzymes with specific compartments in the extracellular or intracellular environments, or with the cell surface. These interactions might accumulate the enzymes close to or on target substrates, which can result in activation of inactive pro-enzymes and cause abnormalities related to the salivary glands and the formation of human dentinal caries lesions. Enzyme activity should be regulated by the inhibition or prevention of the processing of a specific substrate. This information may provide clues about the synthesis of specific new MMP-inhibition targets for novel drugs to treat oral diseases, hopefully with fewer side effects than inhibitors currently available [28] . Further development of diagnostic techniques may allow researchers to discover advanced chair-side tests or mouth-rinse screening tests for monitoring periodontitis and peri-implantitis [47] . Using saliva as a basic biological fluid in diagnosis, clinical trials can detect oral pathological changes in salivary proteins, which are related to excessive MMP expression [49] . Although there is large amount of evidence implicating various MMPs in oral diseases, MMP inhibitors are still problematic -especially in cancers. The role of MMPs in oral cancers still needs to be studied to find the proper combination of MMP inhibitors or their activators [47] . Many clinical tests have failed because of insufficient efficacy and undesirable side effects. Besides, in some disease models, one MMP brings about desired effects while another causes disease symptoms, and inhibiting both of them produces a complicated spectrum of results. Still, it is certain that the more medical research is done to examine the complexities of oral illness, the better the prospects will be for patients' recovery [14] . 1. Genomic instability and cellular proliferation. Alternations of the structure of genetic material are the result of several mechanisms that are a response to inactivating tumor suppressor genes or activating oncogenes. Proteolytic MMPs are able to release the bioactive molecules important in further biochemical processes. Thus, they can mediate in the activation of anti-apoptotic and growth factors or breakdown of cell-cell and cell-ECM constraints [32] .
2. Angiogenesis. The pathological process of new blood vessel formation is closely regulated by a complex of factors similar to that occurring in physiologic angiogenesis [46] . MMPs may regulate the bioaccessibility of vascular endothelial growth factor (VEGF) and the division of matrix-bound VEGF. Furthermore, they can change the balance between growth signals and growth-inhibiting signals by activating the receptor of epidermal growth factor (EGF) and modulating the transforming growth factor-β (TGF-β) pathway. Many MMPs regulate the induction of apoptosis that is associated with cleavage of Fas ligand, control inflammatory response, participate in the creation of metastatic niches and influence the invasive processes [9] .
3. Invasion and metastasis. The overexpression of metalloproteinases can occur both on the invasive front and in the early stages of tumor progression. However, occurrence in the former case is much more typical. In tumor cell invasion the most important mechanism is the breakdown of connective tissue barriers. Tumors need MMPs to interact with the basement membrane and the extracellular matrix. Cancer spreads by invasion of healthy tissue in three steps: attachment to the matrix, local dissolution of the matrix by tumor cell-associated proteinases, and migration. Some metalloproteinases are produced by tumor cells but many of them are secreted in response to growth factors, cytokines and chemokines. Carcinogenesis culminates in metastasis, leading to local expansion and then successful colonization to distant organs, which is an often-fatal characteristic of malignant tumors [8, 9, 25] .
